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Pedepar/aHoTanis:

1. Inceprauiiina po60Ta NpUCBSIYEHA PO3POOJIEHHIO MOZEeN INIMOMHHOTO HaBYaHHS Ta IIPOrPAMHOTO
3a0e3ne4yeHHs 1151 aBTOMAaTU30BaHOI CerMeHTallii ceplieBoi 061acTi Ha peHTTeHiBCbKUX 3HIMKAX I'PYAHOI KIITKU
(Chest X-ray, CXR) y cucremax MifTPMMK{ IPUNHATTS pillleHb IIifi Yac NepPBUHHO] JiaTHOCTUKU CEPLIEBO-CYAUHHUX
3aXBOPIOBaHb, 30KpeMa ileMidHOI XBOpoou ceplis. 3anpolOHOBAaHUM MiAXi oegHye Cy4acHi METOIU
KOMITIOTEPHOTO 30PY, MOP(OJIOTIYHOTO aHai3y Ta HEIPOHHUX MEPEX IJ151 TOYHOTO BUAiJIEHHS 00J1aCTi iHTEepecy
(ROI) cepug, 10 CTBOPIOE OCHOBY [17151 IOJAJIBIION0 aBTOMATU30BAHOI0 aHAJII3y MEAUYHUX 300Pa’keHb.
AKTyanbHICTb JOCIiIKEHHS 06yMOBJIEHA BUCOKOIO [IOIIMPEHICTIO CepLIeBO-CYAUHHUX 3aXBOPIOBAaHb Ta
HEeOOXiIHICTIO MiABUILIEHHS €(DEKTUBHOCTI iX paHHBOTO BUSIBJIEHHS. PeHTreHorpagis oprasis rpyiHOI KJIITKU €

OJHUM i3 HAUMOMUPEHIMNX MeTOiB IEPBUHHOTO OOCTEXXEHHS], ogHaK iHTeprpeTaiis CXR-300pakeHb



YCKJIAOHIOETbCS HAIBHICTIO MIyMiB, apTe(aKTiB, HAKJIaJaHHSIM aHAaTOMIYHUX CTPYKTYP i 3aJI€XKHICTIO Bifj JOCBiny
Jlikaps. BUKopucTaHHs MeTOZiB IIMOMHHOIO HaBYaHHS 1a€ MOXJIMBICTh aBTOMAaTH3YBaTH IIPOLIEC aHai3y,
3MEHUINTHU BILJIUB JIIOACHKOTO pakTopa Ta 3a6€e3e4YUTU BiITBOPIOBAHICTb pe3ysbTaTiB. MeTol AucepTauiiiHoi
pO6OTH € CTBOPEHHSI MOJIeJli Ta TPOTPAaMHOTr0 3a0€3MeYeHH s 11 NiATPUMKY IPUIHSATTS pillleHsb Mif J4ac
aBTOMATM30BaHOro aHasnizy CXR-300pakeHb LIJIIXOM HailHOTO BUIiJIEHHS CepLeBOi 0671acTi Ta GOPMYBaHHS
iHpopMaTUBHUX pe3ybTaTiB CerMeHTallii 17151 BUSIBJIEHHS! O3HaK ieMiuHOi XxBopoou ceplist. O0'€KTOM [OCIIiIPKEHHS
€ TIPolleC aBTOMATU30BAaHOTO aHaJli3y PEHTTeHIBCbKUX 3HIMKIB I'PYJJHOI KJIITKY [J151 BUMIIJIEHHS CEPLIEBOI 06J1acTi,
OLIiHIOBaHHS ii MOP(OJIOTIYHMX XapAKTEPUCTUK Ta BUKOPUCTAHHSI OTPUMAaHUX PE3YJIbTATIB Y CUCTEMAX MiATPUMKHU
IIPUUHATTS pileHs. [IpegmMeToM SOCIiIpKeHHS € MeTOAY, MOZEJIi Ta aITOPUTMU [MIMOMHHOTO HaBYaHHS [1JIs
cermeHrallii cepueBoi o6sacti Ha CXR-300pakeHHsX. Y [1epLUIoMy pO3[iijii IPOBEJEHO aHali3 iCHYIOUUX METOiB
CerMeHTallii MeJUYHUX 300pa>KeHb, PO3IJISTHYTO KJIACUYHi aIrOPUTMUA 0O6POOKU 300paKeHb i CyyacHi
HelipoMepexeBi apxiTektypu Tumy encoder—decoder. BusHaueHo ixHi mepeBaru Ta He[OJIIKY i 9ac cermeHTarji
cepueBoi o6acti Ha CXR-3HiMKaX i 00rpyHTOBaHO HEOOXiTHICTh TO€IHAHHS MOPQOJIOriYHNX MEXaHI3MiB,
6araToMaciITabHOro aHaji3y Ta KOHTYpHOI iHpopmalii. Y gpyromy posaini chopmMyIbOBaHO MAaTEMATUYHY
IIOCTAaHOBKY 33J1a4i, ONMCaHO BUKOPUCTAHUI Habip JaHUX, CTPYKTYPY aHOTalil i IpoLenypy NiArOTOBKY JAHUX.
HasegneHo ertanu nornepenHboi 06poO6KY Ta ayrMeHTallii 300pakeHb, a TAKOK METOAMKY OLIiHIOBAHHS SIKOCTI
cermeHrallii 3a merpukamu Dice, IoU Ta Acc_heart. Y TpeTboMy po31isi po3po6sieHo creliaizoBaHy apXiTeKTypy
CardioEdgeBioMorphNet, no6ynosany 3a npuHuunoM encoder-decoder Ta ONOBHEHY MOP(OJIOTiYHO
opieHTOBaHUMU 11 edge-aware KoMIioHeHTamu. Jlo ckiany mogei BxogsaTb 6110k EdgeMorphBlock, okpemuii Sobel
edge-noTik, MonyJib 6araTromacumTabHoro aHanisy ASPP, nudepeHuiiioBHuN MexaHi3sM MOp¢osIoriyHoi yBaru
DMGGA, SoftMorphPool2D, mexaHizm edge-fusion y nexonepi Ta Adaptive Boundary Rejection g1 Binkugans
HEBIIEBHEHUX MiKCeJiB y (POHOBUM Kiac. [loeqHAHHS 3a3Ha4Y€HNX KOMIIOHEHTIB 3a0e31e4ye TOYHIlIe BilTBOPEHHS
MeX ceplis, HigcuneHHs: MOPQOJIOTiYHO 3HAYYIIMX O3HAK i 3MEHIIEHHSI KiJIbKOCTi XMOHOIIO3UTUBHUX BKIIIOYEHD. Y
4YETBEPTOMY PO3[ijli HaBE€IEHO NPOrPaMHy peasisallilo MOJei, OMCaHOo MPOLEeC HaBYaHHS Ta TECTYBAHHS,
BMKOHAHO IIOPiBHSHHSI 3alIpOIIOHOBAHOrO MifX0AY 3 BiTOMUMHU apXiTEKTypaMU CETMEHTAallii, a TaKO>X IIPOBELEHO
absIsALiHUI aHali3 OKpeMUX KOMIIOHEHTIB MoJieli. EKcriepuMeHTalbHi pe3ybTaTy NigTBEPANIIN IepeBary
KOMIIJIEKCHOTO BUKOPUCTaHHS MOP(OJIOTiYHUX 6JIOKiB, edge-aware MexaHi3MiB, 6araTomacuTabHOro aHaslisy Ta
aJalTMBHOTO IIOPOTrOBOTO BiIKUIAHHSI MIiKCEJIB 1715 iABUILLIEHHS SKOCTi cerMeHTallii cepueBoi obsacti. Haykosa
HOBM3HA po6OTH MOJIsArae y po3pobseHHi HoBoi apxitektypu CardioEdgeBioMorphNet nnsg cermeHnrarii cepreBoi
ob67acti Ha CXR-306paskeHHSIX, yIOCKOHaIeHHI MOp@doJioriyHux 6710KiB msxom iHTerpauii edge-aware
KOMIIOHEHTIB, CTBOPEHHI JudepeHLifioBHOro MexaHizsmy mopdosoriuyHoi yBaru DMGGA, peasnizatiii okpemoro Sobel
edge-noToKy 3 mexaHizmoM edge-fusion Ta BpoBamkeHnHi Adaptive Boundary Rejection 1151 3MeHIIE€HHS KiJIbKOCTI
[IOMUJIKOBUMX CerMeHTanii. Kpim Toro, Brepiie 3arnpornoHOBaHO NOE€AHAHHS PEe3yJbTaTiB CErMEHTallii 3
aBTOMaTH30BaHUM (POPMYBAHHSIM JOMOMIXKHOTO Kylacu@ikaliiHOro BUCHOBKY Ha OCHOBI aHasli3y IMOBipHOCTE! y
Me>Kax BUJIiZIeHOI 061acTi cepugl. [IpakTiyHe 3Ha4eHHs pOOOTHU I10JISITa€ y CTBOPEHHI IIPOrPaMHOT0 3a0€3[1e4eHHS
17151 IOBHOTO LIMKJIy aBTOMATU30BaHOro aHasizy CXR-300pakeHb, 10 OXOIUIIOE 3aBAHTAKEHHS JAHUX,
nepeno6poOKy, cerMeHTallilo, BU3HAYeHHS] IMOBIPHOTO KJIiHIYHOTO CTaHy Ta Bi3yasi3aliilo pe3yJIbTaTiB.
PeasnizoBaHuii nporpaMHuil KOMILJIEKC 3abe3eyye aBTOMaTHYHe BUiJIEHHS CepLeBOoi 00J1acTi 6€3 pyYHOro
OKpeCJIeHHS MeX, (POpMye NONOMIKHUI Klacu@ikallilHA BUCHOBOK, BiloOpakae CerMeHTaliliHy MacKy Ta piBeHb
YIIEBHEHOCTI MOJI€JIi. 3alIPOIIOHOBAHMM MiJXi[ MOKE BUKOPUCTOBYBATHCSA SIK JOIIOMDKHUIA IHCTPDYMEHT Y KIIiHIYHIN
MPaKTULli, HAYKOBUX JOCJIIIPKEHHIX i HaB4aJIbHOMY IIPOLEC, @ TAKOXX CTBOPIOE OCHOBY 7151 TOJAJIBIIOTO PO3BUTKY

IHTeJIEKTya/IbHUX CUCTEM MiITPUMKU IPUNHATTS PillleHb Y MEIUYHIN IiarHOCTHUL.

2. The dissertation is devoted to the development of deep learning models and software for automated heart
region segmentation in chest X-ray (CXR) images to support decision-making during the primary diagnosis of
cardiovascular diseases, particularly ischemic heart disease. The proposed approach combines modern computer
vision techniques, morphological image analysis, and deep neural networks to accurately identify the heart region
of interest (ROI), providing a reliable basis for subsequent automated medical image analysis and clinical decision
support. The relevance of this research is determined by the high prevalence of cardiovascular diseases and the



need to improve methods for their early diagnosis. Chest radiography is one of the most accessible and widely
used imaging modalities for primary examination; however, interpretation of CXR images is complicated by image
noise, anatomical structure overlap, acquisition artifacts, and dependence on the radiologist's experience.
Consequently, there is a growing demand for intelligent software systems capable of automatically detecting and
analyzing clinically significant structures while ensuring high reproducibility and reducing the influence of the
human factor. The aim of the dissertation is to develop a deep learning model and software for decision support
during automated CXR image analysis by robustly segmenting the heart region and generating informative
segmentation results that facilitate the identification of ischemic heart disease manifestations. The object of the
research is the process of automated analysis of chest X-ray images for heart ROI extraction, assessment of its
morphological characteristics, and interpretation of the obtained results within clinical decision support systems.
The subject of the research comprises deep learning methods, models, and algorithms for heart region
segmentation in CXR images, with particular emphasis on encoder-decoder architectures enhanced by
morphological, edge-aware, and multi-scale feature extraction mechanisms. The first chapter presents a review of
conventional and modern medical image segmentation methods, including algorithms specifically applied to chest
radiography. Their limitations in heart ROI extraction are analyzed, and the necessity of integrating morphological
operations with edge-aware feature processing is justified. The second chapter formulates the heart segmentation
problem, describes the CXR dataset, annotation format, fixed train-validation-test split, preprocessing pipeline,
data augmentation procedures, and evaluation methodology. Segmentation performance is assessed using Dice
coefficient, Intersection over Union (IoU), and Heart Pixel Accuracy (Acc_heart), providing a comprehensive
evaluation of segmentation quality. The third chapter introduces the proposed CardioEdgeBioMorphNet
architecture, which follows an encoder-decoder design enriched with specialized morphological and edge-aware
components. The network incorporates the EdgeMorphBlock for extracting robust morphological representations,
a Sobel edge branch for explicit contour modeling, an Atrous Spatial Pyramid Pooling (ASPP) module for multi-
scale context aggregation, the differentiable Dual-branch Multi-scale Gated Morphological Attention (DMGGA)
mechanism, SoftMorphPool2D, edge-fusion within the decoder, and an Adaptive Boundary Rejection module that
assigns uncertain pixels to the background class. The combination of these components significantly improves
boundary localization, enhances texture representation, and reduces false-positive segmentation. The fourth
chapter describes the software implementation, experimental training and testing pipeline, comparative evaluation
against widely used baseline segmentation architectures, ablation studies, and qualitative visual analysis.
Experimental results demonstrate that the proposed architecture consistently outperforms baseline models owing
to the synergistic integration of morphological processing, explicit edge information, multi-scale context
modeling, and adaptive boundary refinement. The scientific novelty of the dissertation lies in the development of
the novel CardioEdgeBioMorphNet architecture for heart segmentation in CXR images, the enhancement of
conventional morphological blocks through edge-aware processing and channel attention, the introduction of the
differentiable DMGGA attention mechanism with multi-kernel morphology-aware feature aggregation, the
implementation of an explicit Sobel-based edge stream with decoder edge-fusion, and the development of the
Adaptive Boundary Rejection mechanism for suppressing uncertain predictions. Furthermore, the dissertation
proposes integrating segmentation results with automated clinical decision support by analyzing class
probabilities within the segmented heart ROI together with the confidence margin between the two most probable
diagnostic classes.
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OdiuiiiHi OIOHEHTH

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Ilpuxogyenko Cepriit IMUTPOBUY

2. Serhii D. Prykhodchenko

KBasigikanis: . . 1., gor., 05.13.07

InenTudikarop ORCID ID: 0000-0002-6562-0601

JonaTkoBa iHdopmalist: Scopus Author ID: 57201251400; ResearcherID: D-6822-2019;
https:/ /scholar.google.com /citations?user=Aqq63hMAAAAJ&hl=en

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT "JIHinpoBchka

MOJIiTEXHIKA"



Kog 3a €IPIIOY: 02070743

Micue3HaxoaKeHH: npocnekt JImutpa SIBopHULpKOTO, [JHiNpO, JHITpOBCHKUI P-H., 49005, YKpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. €BaHoB Makcum BikTopoBuY

2. Maksym V. Yevlanov

KBasigikamis: n. 1. u., npodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0002-6703-5166

JoaarkoBa iHdopmanist: https://www.scopus.com /authid /detail.uri?authorld=57163424300;
http:/ /www.researcherid.com /rid /V-5584-2017;
https:/ /scholar.google.com.ua/citations?user=0nW8LrIAAAAJ&hl=ru

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUii HAlliOHAILHUI YHIBEPCUTET PajliOENEKTPOHIKY
Kopg 3a € IPIIOY: 02071197

Micue3Haxoa KeHHS: npocnekt Hayku, XapkiB, XapkiBcbkuil p-H., 61166, Vkpaina

dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpisBuie Im'sa I1o-6aThKOBI:

1. IBanyenko Mapuna I'ennaziiBna

2. Maryna H. Ivanchenko

KBasigikamis: . r. 1., gouenr, 05.13.06
Inentudikarop ORCID ID: 0000-0001-7795-0459

HoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=55226376100;
https://publons.com /researcher /2015066 /marina-sidorova/;
https://scholar.google.com.ua/citations?hl=uk&user=ZJdxq5EAAAA]

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTeT imMeHi Onecst
l'oHuapa

Kopg 3a €IPIIOY: 02066747
Micue3HaxoaKeHHsI: npocnekt Hayku, JlHinpo, JHINpoBchKuil p-H., 49045, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:

1. Boxyxa Jliniss MuKoJsiaiBHa

2. Liliia M. Bozhukha

KBasigikamis: k. ¢.-m. 1., gouenr, 01.01.01

Imentudikarop ORCID ID: 0000-0002-1420-1220

JopaTrkoBa inpopmanis:

http:/ /www.scopus.com /inward /authorDetails.url?authorID=25030240800&partnerID=MN8TOARS;

http:/ /www.researcherid.com /rid /T-3011-2017;

https:/ /scholar.google.com /citations?hl=en&user=YbrdxocAAAAJ

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTeT imMeHi Onecst

['oHuapa

Kopg 3a €IPIIOY: 02066747

Micqesﬂaxon)KeHHﬂ: npocnekT Hayku, [JHinpo, JHITpoBChKuii p-H., 49045, Ykpaina

dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictepcTBo ocBiTH i Hayku YKpainu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
ByacHe IlpizBuie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
TOJIOBYIOYOTO Ha 3acimaHHi
BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeectpaTop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisiIBHOCTI

KopunHcekuil Bostopumup Muxaiiosuy

KopunHcekuit Bonogumup Muxannosuy

AnTtoHeHko CBiTJ1aHa BaseHTHHIBHA

FOpuenko Tetsna AHaTosiiBHA

IOpuenko TersiHa AHaToJiBHA



